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Reilly and Klarman (15) reported that several fungicides
The isomers of glyceollin do not separate in the systems used here stimulated the production of the phytoalexin, glyceollin, in and are treated as a single compound. For glyceollin soybean (Glycine max L., Merr.) hypocotyl tissues. They suggested determination, diffusate droplets and the inoculated sections (2 cm) that possibly phytoalexins might contribute to the effectiveness of removed from 10 hypocotyls were transferred to 6 ml of 95% fungicides in the field, especially if this exceeds expectations from ethanol in test tubes and steeped for 72 hr. They were then heated at in vitro activity. There have been several reports of compounds 100 C for 2 min by immersion of the tubes in a boiling water bath as with low in vitro fungitoxity that are effective fungicides in the described by Yoshikawa et al (20) . The ethanol was removed and plant (6,8,12,13) and Cartwright et al (2) have presented evidence the hypocotyl sections were rinsed twice with 3 ml aliquots of that control of rice blast by dichlorocyclopropanes is accompanied absolute ethanol. The combined ethanol extracts were evaporated by phytoalexin production.
to dryness and the residue was applied quantitatively in ethyl Recently, in tests with several systemic fungicides for control of acetate to two channels of a silica gel LK6DF (Whatman) thinPhytophthora rot of soybean (14), it was observed that limited layer chromatography plate and chromatographed in benzenehypersensitive necrotic lesions developed when control was methanol (95:8). Glyceollin was located on the chromatogram by successful. These lesions were similar to those which develop in fluorescence quenching in ultraviolet light and reference to a typical imcompatible interactions with the causal fungus, glyceollin standard. Silica gel in the glyceollin bands was scraped Phytophthora megasperma Drechs. var. sojae Hildeb. (Pms) and in from the plates and eluted (in a small column) with 3 ml of absolute which inhibitory levels of glyceollin accumulate (18).
ethanol. Glyceollin was measured directly in the eluate using a In this paper we report that glyceollin is produced in inoculated scanning spectrophotometer by its absorbance at 285 nm and hypocotyls of soybean seedlings treated with the systemic fungicide calculated by using the extinction coefficient, 10,300. After metalaxyl (N-[2,6-dimethylphenyl]-N-[methoxyacetyl] alanine extraction, infected tissue was dissected from the hypocotyl tissues, methyl ester) and compare production of it under these conditions dried and weighed. Glyceollin is reported in micrograms per with that in a typical incompatible interaction.
milligram dry weight of infected tissue.
MATERIALS AND METHODS RESULTS
Details of growth of soybean seedlings and Pms races, and of Lesions on hypocotyls inoculated with race 4 (incompatible) inoculation procedures have been given in detail previously (14,18).
were restricted to the area of the inoculum droplet and surface cells Etiolated 5-day-old soybean (cultivar Altona) seedlings were displayed a typical hypersensitive response with limited brown placed horizontally in racks in glass trays and the roots were necrosis. This response was not influenced by metalaxyl treatment, covered with cellucotton soaked with deionized water or metalaxyl and the dry weight of infected tissue remained constant over a range solution. After incubation for 24 hr, or other periods as indicated, of concentrations (Fig. 1A) . In contrast, race 6 (compatible), in at 25 C in the dark, the hypocotyls were inoculated with four 10-Ml untreated hypocotyls, spread rapidly and caused extending droplets of a Pms zoospore suspension (1 X 10" zoospores per watersoaked rotting lesions without browning. With increasing milliliter) spaced approximately 0. 5 cm apart starting 1.5cm below metalaxyl concentrations, the size of the lesions decreased, as the cotyledons. The trays were closed with plastic film and indicated by the dry weight of infected tissue ( Fig. I A) . They incubated for 24 hr in the dark at 25 C. Races 4 and 6 of Pms were changed from watersoaked to intensely brown and necrotic and at used, these are incompatible and compatible, respectively, on the highest concentrations they were restricted and similar in soybean cultivar Altona.
appearance to the hypersensitive lesions produced by race 4. Metalaxyl solutions were prepared in deionized water with an Largest quantities of glyceollin were produced in tissues analytical standard of the compound.
inoculated with race 4 and these were not influenced by metalaxyl treatment (Fig. I B) . Hypocotyls inoculated with race 6 produced 0031-949X/80/08073803/$03.00/0 only small amounts of glyceollin, but the amounts increased G 1980 The American Phytopathological Society extensively with increasing amounts of metalaxyl, up to about 60% of those in the incompatible interaction. The time-course of incompatible interaction. Even if metalaxyl reached concentrations glyceollin production (Fig. 2) indicates that production stimulated at the infection site that were less than fully inhibitory, it seems by metalaxyl never reaches that in the incompatible reaction. Rates quite possible that the glyceollin accumulating there could play a of production in the first 12 hr following inoculation were similar, critical role in preventing disease development. Several other but subsequently the rate due to metalaxyl treatment tended to fall investigators have reported hypersensitive symptoms during below that in the incompatible interaction. Maximum glyceollin control of fungal diseases by systemic fungicides (3,4,7,9,13,14, levels were reached at similar times and the decline followed similar 16,17), and in one case the associated production of patterns in both the incompatible interaction and the metalaxylphytoalexinlike compounds was described (2). These reports treated race 6 interaction. Metalaxyl treatment alone without include quite different fungicides and host pathogen combinations, inoculation did not stimulate glyceollin accumulation, so it is possible that association of hypersensitivity with control by The timing of metalaxyl treatment did not affect the outcome of the interaction or glyceollin production in hypocotyls inoculated with race 6 unless it was delayed beyond 3 hr after inoculation , 1,19) . Certainly, the time-course of glyceollin production on invasion of bracken prothalli by Botrytis cinerea. Ann. Bot. in the first 12 hr after inoculation ( Fig. 2) 
